We have investigated magneto-transport properties in a single crystal of pyrochore-type 
Topological electronic states in quantum materials have been subjects of intensive experimental and theoretical studies in condensed matter research [1] [2] [3] [4] [5] [6] . Recently, cooperative effects of electron correlation and spin-orbit coupling have attracted much attention as the central ingredient to synthesize the next-generation topological quantum phase [7] . A Weyl semimetal (WSM) state is one representative example where linearly dispersing bands with the band-crossing Weyl point (WP) show up in a three-dimensional bulk while hosting surface Fermi arc states [8, 9] , which is proposed to be realized in various correlated magnetic materials [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Pyrochlore-type R 2 Ir 2 O 7 (R: rare-earth, Y, and Bi ion) is one of the promising candidates for the realization of abundant emergent phases including WSM [9, [13] [14] [15] [16] [17] [18] [19] [20] . The pyrochlore lattice consists of the nested corner-sharing tetrahedra of each R ion and Ir one, as displaced from each other by a half unit cell ( Fig. 1 (a) ) [21] . Owing to large spin-orbit coupling, both R-4f and Ir-5d spins possess a single-ion magnetic anisotropy denoted by broken lines in the lower panel of Fig. 1 (a) , which leads to various magnetic ground states [22] [23] [24] [25] [26] . For instance, the all-in all-out (AIAO)-type configuration may be favored with the nearestneighbor antiferromagnetic exchange coupling where all of four spins on the vertices of the pictured tetrahedron point in (4-in 0-out, 4/0) or out of (0-in 4-out, 0/4) its center [23] . Since this ordering pattern breaks time-reversal symmetry while retaining cubic symmetry, WSM state is predicted to exist with WP at Fermi energy in some parameter regions [13, 14, 17] .
On the other hand, when we apply a magnetic field along [001] direction (H|| [001] ) and the Zeeman energy overcomes the exchange coupling, two spins point inwards and other two outwards, forming the so-called 2-in 2-out (2/2) state [26] [27] [28] . Such a change of magnetic structure may reconstruct band structures, which can produce unconventional magnetotransport phenomena [15, 29] .
The pyrochlore with R = Nd offers an ideal platform to explore the evolution of electronic state with the change in magnetic configuration where not only the magnetic moment of Ir-5d electrons but also Nd-4f local moment plays a crucial role [14, 17] . When it undergoes a metal-insulator transition accompanied by the AIAO-type Ir-5d magnetic ordering, Nd-4f moments also develop the AIAO-type ordering at lower temperature due to f -d exchange coupling [30] [31] [32] [33] [34] , although there are few conclusive evidences about the ordering patterns or different conclusions [35] . Conversely, we may have a chance of largely modifying the Ir-5d spin ordering pattern in terms of magnetic-field control of Nd-4f moments via the f -d exchange coupling. In fact, characteristic magneto-transport phenomena such as large magnetoresistance are observed in polycrystals, although these origins remain elusive [36, 37] .
Another remarkable feature for Nd 2 Ir 2 O 7 is an anomalous metallic state on the AIAO-type magnetic domain walls (DWs), contrary to the gapped bulk state [31, 38] . These facts indicate that the electronic state strongly couples to the magnetic features in this material, and the study on field-direction dependent magnetotransport in R = Nd single crystals is indispensable.
In this Letter, we have investigated the magneto-transport properties with a field-tuned magnetic structure in a R = Nd single crystal. AIAO-type magnetic DWs hosting metallic states, which clearly show up in the hysteresis both in resistivity and magnetization, can be finely controlled by H|| [111] . In contrast, the insulating state turns into a semimetallic one under H||[001] where the magnetic structure of Nd-4f moment is in the 2-in 2-out configuration. Combined with our mean-field calculation, we suggest that the observed phase transition can be attributed to the topologically-nontrivial band reconstruction with the variation of magnetic structures.
High-quality single-crystalline samples of R = Nd were synthesized by KF flux method described in Ref. [39] . We polished the present crystal into a well-formed bar-shape. Its dimension is about 0.75 × 0.65 × 0.30 mm, suitable for precise transport measurement.
A standard four-probe method was employed for resistivity measurements with an electric current along [110] crystalline axis perpendicular to an applied magnetic field. The resistivity is measured down to 2 K and up to 14 T by using Physical Property Measurement System (Quantum Design). AC resistance measurement up to 25 T at 27 mK was performed at 1 kHz with excitation current of 100 µA by using a dilution refrigerator embedded in the cryogenfree hybrid magnet at High Field Laboratory for Superconducting Materials in Institute of Materials Research, Tohoku University [40] .
We show the temperature dependence of resistivity and magnetization in Fig. 1 (b) and (c), respectively. The resistivity in zero field sharply increases with decreasing temperature below 15 K (= T N ), at which the magnetization in zero-field-cooling (ZFC) starts to deviate from that in field-cooling (FC) pointing to the onset of the AIAO-type magnetic ordering of Ir-5d moment. These anomalies are similar to the data for polycrystalline samples and can be attributed to the AIAO-type magnetic ordering of Ir-5d moment [30, 31] . The resistivity in the domain-aligned state (termed trained state, ρ t ) is larger than that in the multi-domain state (untrained state, ρ ut ), indicating the presence of the metallic DW in the multi-domain state, as observed in the polycrystals [38] .
To quantify the relation between the alignment of magnetic domain and resistivity in more detail, we show the magnetic field dependence of resistivity and magnetization at 2 K under [42] and experimentally demonstrated in Ref. [43] . Another sign of the domain flip is observed in the magnetization as shown in Fig. 1 (e). It monotonically increases as a function of field and saturates in a high magnetic field around ∼ 1.2 µ B /NdIrO 3.5 . Since the magnitude of magnetization is nearly governed by the Nd-4f moment (∼ 2.37 µ B /mol [32] ) rather than Ir-5d moment (∼ 0.2 µ B /mol [32, 44] ), it is anticipated that the magnetic structure of Nd-sublattice gradually turns into three-in one-out (3/1) configuration from 0/4 one at zero field so as to reconcile with the Zeeman energy, as frequently observed in pyrochlore oxides [26] [27] [28] . We note that the magnetization shows a small hysteresis below 4 T and tiny kinks at ±3.4 T, as also reported in Ref. [37, 38] . These are more clearly identified in the profile of dM/dH shown in Fig. 1 (f) . It clearly exhibits a peak at +3.4 T (−3.4 T) in process (2) (process (3)), which corresponds to the kink in magnetization. These observed properties provide insights about the magnetic structure under H||[111] as depicted in Fig. 1 (g) . In low fields, the Nd-4f moment forms 0/4 configuration stabilizing the Ir-5d 4/0 state as depicted in the top figure of Fig. 1 (g) . As the field increases, the Nd-4f moment may gradually turn into 3/1 state due to the competition between Zeeman energy and exchange coupling. Such modulations T at 27 mK. The resistivity saturates and reaches the minimum of ∼ 1.6 mΩcm closing the hysteresis curve above 15 T, reminiscent of the first-order insulator-semimetal transition induced by a magnetic field in colossal magnetoresistance manganites [45] . The magnetization for H||[001] monotonically increases as field increases, saturating in high field up to ∼ 1.4 µ B /NdIrO 3.5 , ensuring the formation of the Nd-4f moment 2/2 configuration [26] [27] [28] . The 2/2-type Nd-4f configuration may turn the AIAO-type Ir-5d configuration into the 2/2-type one via f -d exchange interaction as illustrated in Fig. 2 (c) ; this is likely the origin of the observed insulator-semimetal transition. Moreover, as shown in Fig. 2 (d) , the field along [001] direction nearly smears out the upturn of resistivity upon the semimetal-insulator transition with lowering temperature, whereas the resistivity increases rapidly below T N in other field directions.
To confirm the electronic band structure reconstruction driven by the change in magnetic orders, we have investigated the field-angular dependence of the resistivity in • , where the 2/2 state can be favored in the strong field limit. Such a sudden decrease of resistivity cannot be explained in terms of conventional angle dependent resistivity in the fixed band structure nor of scattering by magnetic impurities, rather pointing to the field-induced electronic-structure modulation coupled to the 2/2 magnetic structure.
To elucidate the role of f -d exchange coupling and electron correlation in R = Nd, we have performed a self-consistent mean-field study of an extended Hubbard model [13, 14] , the details of which are given in the Supplemental Material [46] . Let us first consider the case of H|| [111] . Due to Zeeman energy, Nd-4f configuration evolves from 0/4 to 3/1 as H increases. Accordingly, the effective magnetic field (h eff ) induced by f -d exchange coupling forces the Ir-5d configuration to change from 4/0 to 0/4 as described in Fig. 4 (a) . Since both U and h eff favor 4/0 or 0/4 configuration, they work cooperatively [14] . Namely, the critical value of U (U c ) for the WSM-insulator transition becomes smaller as h eff gets larger.
The field-induced variation of h eff is described by using a parameter hole pockets in WSM due to broken cubic symmetry, the Zeeman energy scale is so tiny that its contribution to transport is negligible [46] . On the other hand, when H||[001], Ndsublattice develops the 2/2 configuration to induce the 2/2 Ir-5d state via f -d coupling in the large H limit. It is worth to note that the 2/2 Ir-5d state has a completely different nature as compared to the AIAO one which is basically a WSM having 8 WPs on the Fermi level (Fig. 4 (c) ). When U < U c , the ground state of 2/2 Ir-5d configuration is a nodal semimetal [10, 11, 47] (SM* in Fig. 4 (f) ) with a line node on the k z = 0 plane and two WPs on the k z axis (Fig 4 (d) ). Since the states on the line node are not degenerate, small electron/hole pockets appear on the k z = 0 plane. Similarly, two WPs on the k z axis develop small electron pockets. However, since the size of these electron/hole pockets are so tiny, can consistently describe the magneto-transport observed in experiment.
